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Background:  Valuable  information  can be retrieved  from  automated  external  deﬁbrillators  (AEDs)  used  in
victims  of out-of-hospital  cardiac  arrest  (OHCA).  We  describe  our  experience  with  systematic  download-
ing  of data  from  deployed  AEDs.  The  primary  aim  was  to  compare  the  proportion  of  shockable  rhythm
from  AEDs  used  by laypersons  with the  corresponding  proportion  recorded  by the  Emergency  Medical
Services  (EMS)  on  arrival.
Methods:  In a  20-month  study,  we collected  data  on  OHCAs  in  the  Capital  Region  of Denmark  where  an
AED was deployed  prior  to arrival  of EMS.  The  AEDs  were  brought  to  the emergency  medical  dispatch
centre  for  data  downloading  and  rhythm  analysis.  Patient  data  were  retrieved  from  the  medical  records
from  the  admitting  hospital,  whereas  data  on  EMS  rhythm  analyses  were  obtained  from  the  Danish
Cardiac  Arrest  Register  between  2001  and  2010.
Results: A  total  of 121  AEDs  were  deployed,  of  which  91  cases  were  OHCAs  with  presumed  cardiac  origin.
The  prevalence  of  initial  shockable  rhythm  was  55.0%  (95%  CI  [44.7–64.8%]).  This  was  signiﬁcantly  greater
than  the proportion  recorded  by  the  EMS  (27.6%,  95%  CI [27.0–28.3%],  p  < 0.0001).  Shockable  arrests
were  signiﬁcantly  more  likely  to  be  witnessed  (92%  vs. 34%,  p < 0.0001)  and  the  bystander  CPR  rate  was
higher  (98%  vs.  85%,  p  =  0.04).  More  patients  with  initial  shockable  rhythm  achieved  return  of  spontaneous
circulation  upon  hospital  arrival  (88%  vs. 7%,  p < 0.0001)  and  had  higher  30-day  survival  rate  (72%  vs. 5%,
p  <  0.0001).
Conclusion:  AEDs  used  by  laypersons  revealed  a  higher  proportion  of  shockable  rhythms  compared  to  the
EMS  rhythm  analyses.
©  2014  The  Authors.  Published  by Elsevier  Ireland  Ltd.  This  is an open  access  article  under  the CC. Introduction
Out-of-hospital cardiac arrest (OHCA) is a leading cause of death
mong adults in the industrialised world and survival rates have
een reported below 10% over the past decades.1 Early deﬁbrilla-
ion comprises a key element in the chain of survival and increases
urvival rates when bystanders use an automated external deﬁ-
rillator (AED).2–7 Survival rate is as high as 74% after OHCA with
apid deﬁbrillation.2,8–10 These studies were performed at selected
 A Spanish translated version of the summary of this article appears as Appendix
n  the ﬁnal online version at http://dx.doi.org/10.1016/j.resuscitation.2014.08.038.
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300-9572/© 2014 The Authors. Published by Elsevier Ireland Ltd. This is an open acce
y-nc-nd/3.0/).BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/3.0/).
locations or with persons trained to use an AED and therefore
does not reﬂect the general effect of public-access deﬁbrillation
(PAD). The proportion of shockable rhythm has declined and is
now reported to be approximately 25%,11–14 thus questioning the
lifesaving potentials of the PAD. Recently, a large nationwide Dan-
ish study showed that 27.6% (95% CI [27.0–28.3]) of the victims
with OHCA of presumed cardiac origin had a shockable rhythm.15
Rhythm analysis was performed by the Emergency Medical Ser-
vices (EMS) and data were based on 19.468 patients with OHCA
witnessed by laypersons and in which resuscitation was attempted.
The prevalence of the shockable rhythms may  have been higher if
an AED was attached to the victims prior to the arrival of EMS  due
to reduction in time from collapse to rhythm analysis. However,
literature describing the rhythm analyses from AEDs, deployed by
untrained laypersons, is scarce.16
Retrieval of AED data is not performed routinely in Denmark
due to logistical and technical challenges. In addition, there is no
ss article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
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tandardised way of downloading the electrocardiograms (ECGs)
nd manage the data. In October 2011, a project was initiated in the
apital Region of Denmark (population 1.7 million) with systematic
ownloading of AED data to gain detailed information about the
igniﬁcance and potential of PAD when used by bystanders in both
ural and urban areas of Denmark.
The aim of this study is to describe our experience with sys-
ematic downloading of deployed AEDs with the speciﬁc aim to
ompare the proportion of shockable rhythm when an AED was
eployed by laypersons with the proportion from EMS  rhythm
nalyses on arrival.
. Methods
.1. Study design and setting
This 20-month, prospective, observational study was conducted
n the Capital Region of Denmark from October 27, 2011 to June 26,
013. The Capital Region of Denmark is one of ﬁve administrative
nits in Denmark with a population of 1.7 million (approximately
0% of the Danish population). It comprises 2.561 km2 and includes
oth urban and rural areas. Although belonging to the Capital
egion, the Danish island of Bornholm (population 42.000, area of
88 km2) was not included in this study due to logistical problems
ith delivery of AEDs to the emergency medical dispatch centre
EMD).
.2. Deﬁbrillators
In 2006, a network of public available AED’s was  established in
enmark and based upon voluntary registration by laypersons on
 public accessible webpage (www.hjertestarter.dk). On June 26,
013, 2.397 AEDs were registered on a location within the Capital
egion of Denmark and of these were 2.120 registered for public
se. Currently, 12 AED companies are registered in Denmark selling
t least 20 different devices.
.3. Study subjects and data collection
We  included all cases of OHCA in the Capital Region of Denmark
here an AED was deployed prior to arrival of EMS  and the AED was
ubsequently delivered to the regional EMD. Two primary sources
f data collection were linked to describe each OHCA adequately;
he AED data downloaded by the EMD  and the medical record
rom the admitting hospital. On the scene, the EMS  provider col-
ected the used AED. After the patient was admitted to deﬁnitive
are, the AED was delivered to the EMD  by taxi. Specially trained
ersonnel downloaded the ECG data with the use of dedicated
quipment. Data were immediately sent to the receiving hospital.
hirty health care professionals working at the EMD  were trained
o download the AED data through a 3-h course. Additionally, each
erson spent around 5 h per month updating instructions and test-
ng new devices. The AED was returned to the owner by taxi after
ata retrieval. Transport and new patches were paid by the EMS.
The ﬁrst author analysed all the AED ECGs and assessed the neu-
ological status at day 30 using the cerebral performance category
CPC) scale (1, good cerebral status; 2, moderate cerebral disabil-
ty; 3, severe cerebral disability; 4, coma or vegetative state; 5,
rain death). Information about the CPC was retrieved from the
atients’ medical records. The treatment of cardiac arrest was in
ccordance with the European Resuscitation Council guidelines and
he Utstein-recommendations were used for the reporting of resus-
itation outcomes. The arrest was presumed to be of cardiac origin
f it was not caused by trauma, exsanguination, drowning, intoxi-
ation, hypoxia or other obvious non-cardiac causes.n 85 (2014) 1681–1685
2.4. EMS system in the capital region of Denmark
The EMS  system is two-tiered with initial EMD  triage. OHCA
results in the simultaneously dispatch of a primary unit staffed by
two EMS  providers trained in basic life support capable of using a
deﬁbrillator in AED-mode as well as in the dispatch of a physician-
manned mobile emergency unit with the capability to provide
advanced life support.
2.5. Ethics
Approval to retrieve the patients’ medical records was  obtained
from The National Board of Health (J. no. 7-604-04-2/319/KWH).
According to Danish law, approval from the Ethics committee was
not required, whilst The Danish Data Protection Agency approved
the processing of personal data (J. no. 30-0616).
2.6. Outcome
Our primary analysis focused on the proportion of initial shock-
able rhythm in patients with OHCA of presumed cardiac aetiology.
We compared AED data with national EMS  data obtained from the
Danish Cardiac Arrest Register between June 1, 2001 and December
31, 2010.15 Secondary end-points were return of spontaneous
circulation (ROSC) and 1-month rate of survival with minimal neu-
rological impairment (CPC 1).
2.7. Statistics
Statistical analyses were performed using Statistical Package
for the Social Sciences 15.0 software (SPSS Inc., Chicago, IL, USA).
Continuous data are reported as median with [25–75% range]
unless otherwise indicated and comparisons were done using
Mann–Whitney test. For categorical data we report absolute num-
ber with (proportion) with the use of with the use of 2-test or
Fisher’s exact test for comparisons. P-values <0.05 were considered
statistically signiﬁcant.
We  calculated that a sample of 120 cardiac arrests would allow
us to detect a difference in shockable rhythms between initial EMS
and AED rhythm analyses from 25% to 50% with a statistical power
of at least 80% at the 5% signiﬁcance level.
3. Results
During the 20-months data collection period we  recorded 1.866
OHCAs in the Region where resuscitation was attempted. A total of
121 AEDs were connected prior to arrival of the EMS  and delivered
to the EMD  afterwards (Fig. 1). An AED was connected to 13 cases
without cardiac arrest: two  with chest pain, one with respiratory
arrest, one with multiple stab wounds, one with seizures, one with
supraventricular tachycardia, and six due to syncope. 91 cases were
presumed to be of cardiac origin and the following report of data is
based on these cases (Table 1).
3.1. Rhythm analyses and outcome
With the exception of two cases, information about initial
rhythm could be downloaded from all AEDs delivered to the EMD.
The analyses revealed an initial shockable rhythm in 55.0% (95%
CI [44.7–64.8%]) of the victims. This was  signiﬁcantly greater than
the proportion recorded by the EMS  27.6% (95% CI [27.0–28.3%],
p < 0.0001). Shockable arrests were signiﬁcantly more likely to be
witnessed (92% vs. 34%, p < 0.0001), occur during exercise (28% vs.
2%, p = 0.001), and the bystander CPR rate was also higher (98% vs.
85%, p = 0.04) (Table 1). More patients with initial shockable rhythm
achieved ROSC upon hospital arrival (88% vs. 7%, p < 0.0001) and
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hey had a signiﬁcantly higher 30-day survival rate (72% vs. 5%,
 < 0.0001) (Table 2). The CPC was 1 in all patients 30 days after
HCA except for one patient with ventricular ﬁbrillation, who had
 CPC of 2.
In two cases an initial non-shockable rhythm (PEA) was con-
erted to a shockable rhythm (VF) before arrival of EMS. The ﬁrst
onversion occurred after 2 min  of chest compressions, whilst the
econd occurred after 9 min.
.2. Logistical aspects
The estimated time spent on data processing adds up to 1 h per
ED. This includes time for EMS  personnel to deliver the AED to a
axi, for the healthcare professional at the EMD  to receive and reg-
ster the AED, retrieve and send the data to the admitting hospital
nd afterwards return the AED to the owners by taxi.
. DiscussionWe  found that AEDs were deployed approximately six times
o OHCA victims each month and in 5.8% of all cardiac arrests in
he Capital Region. A signiﬁcantly higher prevalence of shockable
hythm in the AED analyses compared to the national EMS  dataED) was  deployed. CPR, cardiopulmonary resuscitation; PE, pulmonary embolism;
 AS, asystole; ROSC, return of spontaneous circulation. Survival is given as 30-day
was detected. The overall 30-day survival was 42%. In the shockable
group, however, 70% were alive with CPC 1 after 30 days.
Strengths of this study comprise the inclusion of relatively
many deployed AEDs and information obtained about the post-
resuscitation treatment, which are often limiting factors in other
studies.3,15–17 The proportion of OHCAs where a deployed AED
delivered a shock before EMS  arrival was 2.5% for the region and
was similar to data previously reported by the Danish Cardiac Arrest
Register of 2.2% and 2.5% in 2010 and 2011, respectively.15,18 More-
over, we have ECGs from all of the AEDs used, not only when a
shock was  delivered, but also cases in which an attempt to use an
AED was  made. It gives us insight into the cases when a bystander
ﬁnds it relevant to connect an AED to a collapsed person. In 11%
of the cases, an AED was  deployed on a non-cardiac arrest vic-
tim with syncope as the most frequent diagnose. This should be
taken into consideration when planning AED programmes in the
future. In contrast to other studies,2,19 we have data on the EMS
response time. Importantly, there was no signiﬁcant difference in
EMS  response time for victims with shockable rhythm compared
to victims with non-shockable rhythm. Still, ROSC was achieved in
42% of the patients in the shockable group before arrival of EMS,
whereas none of the patients in the non-shockable group achieved
ROSC before arrival.
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Table 1
Out-of-hospital cardiac arrest with deployment of automated external deﬁbrillators
by  laypersons.
OHCA with
initial
shockable
rhythm (N = 50)
OHCA with
initial
non-shockable
rhythm (N = 41)
p-Value
Age, years [25–75%] 66 [59–77] 68 [53–81] 0.94
Male sex, no. 39 (78) 24 (59) 0.07
Bystander witnessed 46 (92) 14 (34) <0.0001
Bystander CPR 49 (98) 35 (85) 0.04
Time 0.27
8  AM to 4 PM 31 (62) 22 (54)
4 PM to 12 PM 15 (30) 11 (27)
12 AM to 8 AM 4 (8) 8 (19)
Activity <0.0001
During exercise 14 (28) 1 (2)
Mild physical activity 19 (38) 12 (29)
Sedentary activity 12 (24) 11 (27)
Not described 5 (10) 17 (42)
Location <0.0001
Residential 5 (10) 16 (39)
Non-public
(companies, etc.)
13 (26) 2 (5)
Sports facility 14 (28) 1 (3)
Public (other) 13 (26) 5 (12)
Not described in
medical records
5 (10) 17 (41)
EMS  response timea,
min  [25–75%]
5.7 [3.6–8.3] 6.7 [4.4–9.2] 0.22
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cata are frequencies (%) unless otherwise indicated. OHCA, out-of-hospital cardiac
rrest; CPR, cardiopulmonary resuscitation; EMS, emergency medical services.
a Time from dispatch to arrival on scene
AED data could not be downloaded in two cases; one case with
he device IPAD NF-1200 (CU Medical Systems, Cardiocare Scandi-
avia) and one case with FRED® easy (Schiller, Simonsen & Weel).
etrieval of AED data from these two devices has been a recur-
ing problem and this has been described the ﬁrst time in 2011.20
e  encourage the manufacturers to develop a simple data transfer
olution in order to avoid the loss of important information that
ight improve patient care.
able 2
n-hospital treatment and outcome among victims with out-of-hospital cardiac
rrest treated with automated external deﬁbrillators by laypersons.
OHCA with initial
shockable rhythm
(N = 50)
OHCA with initial
non-shockable rhythm
(N = 41)
p-Value
Condition upon arrival
of EMS
<0.0001
ROSC, conscious 3 (6) 0
ROSC, non-conscious 18 (36) 0
No ROSC 29 (58) 41 (100)
Survived eventa 44 (88) 3 (7) <0.0001
Post-resuscitation
treatment
<0.0001
CAG  29 (58) 2 (5)
PCI 12 (24) 0
CABG 5 (10) 0
ICD 20 (40) 0
PM + ICD 3 (6) 0
Therapeutic
hypothermia
11 (22) 1 (2)
30-day survival 36 (72) 2 (5) <0.0001
Cerebral performance
category scale 1
35 (70) 2 (5) <0.0001
ata are frequencies (%) unless otherwise indicated. OHCA, out-of-hospital cardiac
rrest; EMS, emergency medical services; ROSC, return of spontaneous circula-
ion; CAG, coronary angiography; PCI, percutaneous coronary intervention; CABG,
oronary artery bypass grafting; ICD, implantable cardioverter deﬁbrillator; PM,
ermanent pacemaker.
a Sustained ROSC with spontaneous circulation until admission and transfer of
are to medical staff at receiving hospital.n 85 (2014) 1681–1685
This study has some additional limitations. Firstly, informa-
tion about location of the OHCAs and activity prior to collapse
was incomplete, especially in the non-shockable group. Perhaps
a greater proportion of the patients with initial non-shockable
rhythm might have experienced OHCA in residential areas with
a presumably longer time from collapse to ﬁrst rhythm analysis,
thus explaining the poorer outcome. The difference in the propor-
tion of witnessed arrests might support the assumption that these
victims mainly collapsed in residential areas. Secondly, we did not
have the rhythm analyses from the EMS  of the same study time or
in the exact same area. There might be important differences in the
regions that could affect the outcome. However, we compare with
nation-wide data that were based on OHCA of presumed cardiac
origin and in which resuscitation was  attempted, leaving a study
population similar to ours, except that we  report on AED recor-
dings. Moreover, the incidence of shockable rhythms has showed
little variation the past decade.15 Thirdly, we are unaware if there
have been OHCAs with deployed AEDs that have failed to be deliv-
ered to the EMD  for data downloading. Fourthly, a single individual
(ﬁrst author) assessed both the downloaded ECGs and the clini-
cal outcomes. It might have been prudent for outcome assessment
to be blinded to presenting heart rhythm. Thus, the assessment
of the patients’ clinical course and outcome is at risk of bias in
any direction depending on the assessor. Fifthly, we have not per-
formed a cost-effective analysis. Instead our data should be used as
a template for larger standardised AED downloading projects in the
future and as an inspiration on how to manage budgetary barriers
and logistic issues.
Since May  2011, health care professionals have been operating
the EMDs in Denmark. This initiative was  launched to utilise the
knowledge of health care professionals to help and support layper-
sons in the recognition of life-threatening symptoms and in case of
OHCA refer them to the nearest public accessible AED. The imple-
mentation of health care professionals operating EMDs may have
contributed to a reduction in time from collapse to attachment of
AEDs and ﬁrst shock given, thus increasing the incidence of shock-
able rhythm and improving survival rates. This question cannot be
answered based on data from this study.
Other factors such as quality of CPR, dispatcher-assisted CPR,
and comorbidities might affect the outcome. In line with this, we
found that the vast majority of the OHCAs that happened during
exercise had an initial shockable rhythm. As these victims are able
to exercise, it is reasonable to assume that they had a higher level of
functioning and less comorbidity than the non-shockable victims.
This might partly explain the higher survival rate in the patients
with initial shockable rhythm.
A prevalence of shockable rhythm at 55% is an important ﬁnding,
despite the limitations, as it reveals information about the potential
of PAD when used by laypersons in both rural and urban areas of
Denmark. The ﬁndings are consistent with the results found by the
same research group in a nationwide study.16 However, informa-
tion was  limited to AEDs that were part of a structured programme
and deployed by trained bystanders. This study reﬂects the beneﬁts
when untrained laypersons take action.
AED data can be used to guide treatment strategy during
post-resuscitation care,21,22 but there seems to be a need for a
standardised solution regarding data management in AEDs.20 Even
though, important information can be obtained systematically by
a standardised AED data project, it is important to consider the
economic aspects before future implementations of such projects
in a larger scale. Previous studies have investigated the cost-
effectiveness of PAD trials and cost of EMS  systems.23,24 To our
knowledge, a description of costs, time, and resources spent on
a standardised AED data project has never been done before. We
found that AED data can be retrieved at low costs and using rela-
tively few resources. Part of the budget was spent on continuous
citatio
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ducation of the operators in managing software in new AED mod-
ls. This part, together with the time spent on data downloading,
ould probably be minimised with a standardised solution of data
anagement in all AEDs. If we can overcome this obstacle it might
nitiate similar projects in the future or enable standardised ECG
ownloading at the hospitals, which is both ﬁnancially favourable
nd timesaving. It is suggested that international resuscitation soci-
ties initiate a dialogue with AED producers in order to standardise
ownloading procedures and equipment.
. Conclusion
We  found that data could be downloaded from deployed AEDs
nd that a signiﬁcantly higher prevalence of shockable rhythm was
ound in the AED rhythm analyses as compared to the EMS  analyses.
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